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Abstract 
The icing of transmission lines threatens the security of power system. Based on the heat equation of 
transmission line icing, this paper analyse the different situation of non-icing and icing. Then calculate the 
critical prevent icing current and melt icing current according to the heat equation and the characteristic 
of icing. And the result showed that the critical prevent icing current is much less than the critical current 
of melt icing. Though comparing with the  maximum allowable current, the scope of the prevent icing and 
melt icing, without switching off the line, is on show. So the feasibility of prevent icing is better than melt 
icing when the line is running always.  
This work is supported by State Grid Corporation of China (No. SGKJJ SKF〔2008〕449) . 
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1. Introduction  
Our country is transmission lines cladding ice accident happened one of the countries, the more serious 
threat ice accident in China already safe operation of the power system, and caused a huge economic 
losses. The icing has become one of primary reasons which form a danger to the transmission line. From 
Jan. 16 to 19, 2011, because of icing , the transmission lines in 8 provinces has tripping 292 times , and 
many lines are broken. 
Researches on transmission icing has always a subject in institutions at home and abroad. There are 
about 30 method[1] of melt ice. According to the mechanism, it can be roughly divided into mechanical 
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vibration de-icing, medium loss de-icing. short circuit electromagnetic de-icing, electrical impulses de-
icing, DC melt-icing and melt icing seven categories. 
This paper is to research the feasibility of prevent icing and melt icing, without the need of switching 
the line, though analyse the critical prevent icing current and critical melt icing current of the grid. The 
reasearch is based on the heat melt icing, and according to the equation of transmission line icing. 
2. The Prevent and Melt Icing Current 
The heat for prevent icing and melt icing created by the current of the transimission line, is to de-icing 
by making the temperature of the line above the ice point. So the thermodynamic model is chosen as the 
basic model of the research of prevent icing and melt icing. 
Lozowski et al Cansdale[4]，Gent[5]0，Maklconen[6]and Brown Krishnasamy[7]0 has research on 
the heat-transfer process of the conductor in icing. 
The basic conditions of transmission line icing forming including[5]: (1) The environment temperature 
and the wire surface temperature is enough low to freeze drips, so that the drips can release the hidden 
heat instantly at the freezing time. The temperature is required to below 0℃, generally is -10℃～-1℃; 
(2) There has super-cooled drips or fog in the air; (3) Relative humidity is 80% or more generally; (4) 
With a proper wind speed which can made super-cooled drips or fog in the air generated a corresponding 
movement, so that the drips can collide with the wire, and being captured by the wire. The general speed 
is 1～l0m/s. Observation and studies have shown that when the relative humidity of the air was low or the 
wind speed is low, even when temperatures are low, wires are basically non-occurrence of icing 
phenomena. 
According to the basic condition above, the heat balance equation of the reansmission line icing can be 
educed as[2]: 
f v k a n R c e l s r q
Where,  is the latent heat flux due to freezing of some, or all, of the directly impinging.  
q q q q q q q q q q q q+ + + + + = + + + + +                     (1) 
f
 is the heat flux due to aerodynamic heating of super-cooled drips,  
q
vq
kq  is the heat flux due to the kinetic energy of super-cooled drips collide with the ice sufface,  
aq  is the heat flux due to the tempterature cooling from FT (ice point) to (steady tempterature),  ST
nq  is the solar short wave radiation heat flux.  
Rq  is the heat flux by line current,  
eq is the evaporative heat flux,  
cq is the heat loss between the accretion and the airstream by conduction and convection,  
qq is the heat loss due to the wind convection,  
lq is the heat loss due to the tempterature heating from  to aT FT ,  
sq is the long wave radiation heat loss,  
r
Meanwhile, in critical prevent icing currents calculation, the following assumptions are made: 
q is the heat loss due to the heat drop out with drips. 
(1)The wire is an aclinic cylinder with the diameter D, and does not take into account that the impact 
of the stranded wires on the surface.  
(2)The wires glow evenly when the current flows, and ignore the thermal resistance within the wires. 
That is, the temperature of the wire is uniform and no heatconduction through the wire. 
2.1. Prevent Icing Current 
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In the follow-up of ice conditions, the minimum load current at which the transmission line does not 
covered with ice is known as the critical prevent icing current. In critical prevent icing currents 
calculation, the following condition are met: 
 (1) Humid air containing super-cooled drips (diameter d) skims over the wire, with uniform velocity 
v, moisture content w and the temperaturet. 
(2) The process of icing can be taken as a quasi-balanced process when making heat transfer analysis, 
because the wire icing process is generally carried out very slowly. 
(3) The water and ice on the surface of the wires are at the same temperature t with the surface of the 
wires.  
(4) The collision rate α1 is mainly related with wind speed v, radius R and the drip radius a. Looking-
up tables and the calculated result show that, with the wind speed 1 ~ 10m / s, collision rate of the drips 
and transmission wire is close to 1. In order to ensure that the anti-icing strategy's effectiveness, select the 
most serious situation in which α1 = 1. 
(5) Because most wires are old, all the relevant parameters were chosen parameters of the old wire.  
(6) AC Electric resistivity uses DC Electric resistivity at 20 ℃ 
(7)The critical condition of icing: Freeze coefficient , temperature of solid ice surface while the 
icing in dynamic balance . 
3 0α =
0sT =
Based on the above condition, as well as equation (1) the heat balance equation of the transmission line 
icing, the formula of critical prevent icing current on transmission line can be educed as:  
}
2 3
2 4 4
c
0
0.79
( ) ( ) 0.95 [273 (273 ) ] 8400
2 2
p
a p R a
a
h vD wv
i T h h T v
R c
π πσ= − + − + + − + −
⎧⎨⎩ a
wT
4
    (2) 
Where,  Ta is ambient temperature, ℃; v is  wind velocity, m/s;D is wire diameter ,mm; 
 R0 is wire resistivity in unit at 20℃, Ω/km; w is air moisture content, kg/m3; 
 h is nature convection coefficient; hp is force convection coefficient.  
  is Stefan-Boltzman constant； 8 25.567 10 / ( )R W m kσ −= × ⋅
Equation (1) shows that, the critical prevent icing current ic is about wind speed v, ambient 
temperature Ta, air moisture content w and other factors. If weather conditions can be monitoring, v,w 
and Ta are known, so as the wire diameter D determined, the critical prevent icing current can be 
evaluated by equation (1). 
So it can be prevented when the transmission line is going to be icing by making sure the reality 
current of lines, which needs to prevent icing, larger than the critical prevent icing current. And the 
current is known as the prevent icing current. 
2.2. Melt Icing Current 
According to the physical process of conductor melt icing, The heat, due to the current pass by 
conductor, conduct between the accretion, surface and the airstream. While the surface heat loss equation 
to the heat created by current, and the temperature of conductor-ice border is melting point TF，the ice 
will in critical state. So the heat balance equation of conductor-ice border is: 
R c s
So the critical melt icing current on transmission line can be educed as: 
q q q= +                                                                       (3) 
                           (4)          2 40 0( ) 0.8 [( 273.15) ( 273.15) ]R S a S ai R D h T T D T Tπ πσ= − + + − +
4
Where，D0 is diameter of icing conductor，Ts is the ice surface tempterature。 
Different from preventing icing current, the melt icing current is due to the demand time of melt icing, 
and the current is obviously larger than the critical melt icing current. 
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3. The Feasibility of prevent icing and melt icing 
According to the equation (2) and (3), The simulation experiments is implemented. First, simulation on 
the same transmission line that the type of line is LGJQ-240, which diameter is 21.88mm and resistance 
at 20℃ is 0.117Ω/km. The ambient temperature is fron -10℃ to -1℃ and the wind velocity is 3m/s, the 
value of the critical prevent icing current and the critical melt icing current in different temperature is 
shown in the fig.1. 
Fig. 1. the value of the critical prevent icing current and the critical melt icing current 
And then, simulation on the same condition that the temperature and the wind is -3°C 3m/s and -5°C 
5m/s. the value of the critical prevent icing current and the critical melt icing current in different 
conductor type is shown in the table 1. 
 
Table 1. the value of the critical prevent icing current and the critical melt icing current in different conductor type 
Weather De-icing method LGJQ-150 (A) LGJQ-185 (A) LGJQ-240 (A) LGJQ-300 (A) LGJQ-400 (A) 
-3°C 3m/s 
Prevent icing 164 210 268 397 494 
Melt icing 339 378 429 478 555 
-5°C 5m/s 
Prevent icing 244 306 398 591 737 
Melt icing 522 580 666 732 853 
The fig and table shows that, The critical prevent icing current and the critical melt icing current is 
increased  with the decreasing of temperature and the increasing of the conductor diameter. And all the 
time, the critical prevent icing current is much less than the critical melt icing current. So the prevent 
icing is easier to achieve than the melt icing. 
Without switching off the line, the maximum allowable current of the line should be the basic 
constrain to make sure the security of the power system. The maximum allowable current of line in the 
icing temperature is 1.2 times of the current in rate ambient temperature(25°C). The maximum allowable 
current of the different type of the line is shown in the Table 2. 
 
 
 
 
Table 2. The maximum allowable current of  Lines 
The type of line LGJQ-150 (A) LGJQ-185 (A) LGJQ-240 (A) LGJQ-300 (A) LGJQ-400 (A) 
The maximum 
allowable current 
25°C 450 505 605 690 825 
<5°C 540 606 726 828 990 
Comparing the Table 1 and 2, the  prevent icing and melt icing is feasible without switching off the 
line in the certern condition. According to more calculation of the prevent icing and melt icing current in 
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other temperature and wind velocity, the scope of the  prevent icing and melt icing is shown in the Table 
3. 
 
Table 3. The scope of the  prevent icing and melt icing 
 
Prevent icing  Melt icing 
LGJQ-150 LGJQ-240 LGJQ-300 LGJQ-400 LGJQ-150 LGJQ-240 LGJQ-300 LGJQ-400 
-5℃≤T＜0℃ √ √ √ √ √ √ √ √ 
-7℃≤T＜5℃ √ √ √ √ √ √ √ v＜8m/s 
-8℃＜T＜7℃ √ √ √ v＜8m/s √ √ v＜8m/s v＜6m/s 
-9℃＜T＜8℃ √ √ v＜9m/s v＜8m/s √ v＜9m/s v＜6m/s v＜5m/s 
-10℃＜T＜9℃ √ √ v＜7m/s v＜5m/s √ v＜7m/s v＜5m/s v＜3m/s 
4. Conclusion 
As the analysis above, it is known that, The needs of prevent icing is much more than melt icing, and 
the  losses is less. Without switching off the line, the scope of the  prevent icing is bigger than melt icing, 
and the feasibility of prevent icing is better than melt icing. 
But prevent icing is more limited in the structure of the power system, it couldn’t match all the 
demands of the line which is going to icing. The research on coodinate with other de-icing method, which 
only can play a role after the line out of service, to avoid the losses of icing, should be on the next. 
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